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USING STEINBERG ALGEBRAS TO CLASSIFY SIMPLE MODULES OVER
LEAVITT PATH ALGEBRAS
NGUYEN BICH VAN
Abstract. In this work we describe all simple modules over Leavitt path algebras as induced modules
from irreducible representations of the isotropy groups.
1. Introduction
In 2012 X.W. Chen [3] and in 2014 P. Ara and K.M. Rangaswamy [1] constructed some classes of
simple modules over Leavitt path algebras. A natural question arises:are there other simple modules over
Leavitt path algebras? In this work we try to use Steinberg algebras to give a full classifications of these
modules. For convenience of the readers at first we recall some useful facts from [3], [2] and [1].
1.1. Induced representations of groupoid algebras. Let G be an ample groupoid, K be a field,
AK(G) be the groupoid algebra of G. For each element x ∈ G
(0) we define
Definition 1.1. The isotropy group of x ∈ G(0) is
Gx = {α ∈ G|s(α) = r(α) = x}.
Definition 1.2. The orbit of x ∈ G(0) is
Ox = {y ∈ G
(0)|∃α ∈ G : s(α) = y, r(α) = x}
Remark 1.1. If the orbits of x and y are the same, then Gx ≃ Gy
Let Lx = {α ∈ G|r(α) = x} and KLx be the vector space with the basis Lx. Consider the action of
Gx on Lx by right multiplication. This action induces a right KGx-module structure on KLx.
The left AK(G)-module structure on KLx is defined by:
ft =
∑
y∈Lx
f(yt−1)y ∀f ∈ AK(G),∀t ∈ Lx. (1)
Proposition 1. ([2]) We have
1Bt =
{
Bt if s(t) ∈ B−1B
0 else
(2)
for all compact bisections B of G, for all t ∈ Lx. Consequently, KLx is a well-defined AK(G)-KGx
bimodule.
Definition 1.3. Let x ∈ G(0), V be a KGx-module. The corresponding induced AK(G)-module is
Indx(V ) = KLx ⊗KGx V .
Theorem 1.1. If V is a simple KGx-module, then Indx(V ) is a simple AK(G)-module.
Remark 1.2. If x, y ∈ G(0) are in the same orbit,i.e. ∃α ∈ G : s(α) = y, r(α) = x we know that
Gx ≃ Gy. Let V be a KGx-module, then V can be made into a KGy-module by setting γu = (α
−1γα)u,
where γ ∈ Gy, u ∈ V . Then Indx(V ) ≃ Indy(V ) via the map t⊗ u 7→ t⊗ tα
−1 ⊗ u for t ∈ Lx and u ∈ V .
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1.2. Restricted modules.
Definition 1.4. ([2]) Let W be an AK(G)-module. For x ∈ G
(0) we define
Nx = {U is a compact open subset of G
(0)|x ∈ U}
and Resx(W ) := ∩U∈Nx1UW .
Proposition 2. ([2]) Resx(W ) becomes a KGx-module under the following action: for t ∈ Gx, w ∈
Resx(W ) tw = 1Bw, where B is a compact bisection of G s.t. t ∈ B.
Proposition 3. [2] Let V be a KGx-module. Then ResxIndx(V ) ≃ x⊗ V ≃ V as KGx-modules.
Lemma 1.1. ([2]) If W is a simple AK(G)-module, then for any x ∈ G
(0) Resx(W ) is either zero or a
simple KGx-module.
Definition 1.5 (Spectral module). Let W be an AK(G)-module. W is called spectral if ∃x ∈ G
(0) so that
Resx(W ) 6= 0
Lemma 1.2. [2] If x, y ∈ G(0) have distinct orbits, then induced modules of the form Indx(V ) and
Indy(V ) are not isomorphic.
Theorem 1.2. ([2])
Let G be an ample groupoid and D ⊂ G(0) containing exactly one element from each orbit. Then
there is a bijection between spectral simple AK(G)-modules and pairs (x, V ), where x ∈ D, V is a simple
KGx-module (taken up to isomorphism). The corresponding module is Indx(V ) . The finite dimensional
simple AK(G)-modules are spectral modules and correspond to those pais (x, V ), where the orbit of x is
finite and V is a finite dimensional simple KGx-module.
In the next section we will use this theorem to classify all spectral simple modules (in particular, finite
dimensional modules) over Leavitt path algebra. Let E = (E0, E1, s, r) be a row-finite digraph, K be a
field.
Definition 1.6. A finite path of length n is p = e1e2...en, where e1, ..., en ∈ E
1, r(ei) = s(ei+1), i =
1, 2, ..., n−1. The length of p is denoted by |p|, s(p) := s(e1), r(p := r(en).. By convention a vertex v ∈ E
0
is called a trivial path. A vertex is a path of length 0 and has v as the source and the range.
A nontrivial finite path p = e1...en is called closed if r(en) = s(e1). A closed path p is called simple if
p 6= cm, where c 6= p is a closed path.
An infinite path is q = e1e2..., where r(ei) = s(ei+1), ∀i. We denote by F (E) the set of all finite
paths, and by E∞ the set of all infinite paths.
Let X = E∞ ∪ {p ∈ F (E)|r(p) is not regular}.
Definition 1.7. Two paths x, y ∈ X are called tail-equivalent if ∃µ, ν ∈ F (E), x′ ∈ X such that x =
µx′, y = νx′. We write x ∼ y.
This is an equivalence relation and we denote by [x] the equivalence class of all paths which are tail-
equivalent to x.
Remark 1.3. By Definition 1.7 and the convention in Definition 1.6 it is easy to see that two finite paths
x, y ∈ X are tail-equivalent if and only if r(x) = r(y) = w, which is a sink. In this case [x] = [y] = [w].
Remark 1.4. For any closed path d, we can write d = cm, where c is a simple closed path. Then d∞ = c∞.
Definition 1.8. An infinite path is called rational if it is tail-equivalent to c∞, where c is a simple closed
path, and called irrational otherwise. We denote by E∞rat. the set of all rational paths and by E
∞
irrat. the
set of all irrational paths.
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1.3. Chen simple modules. Let us recall the construction of Chen simple modules over Leavitt path
algebra in [3]. For every x ∈ X, let V[x],K = ⊕p∈[x]Kp as vector spaces. V[x],K is made a left LK(E)-module
by defining, for all p ∈ [x], v ∈ E0, e ∈ E1 :
v.p = δv,s(p)p, e.p = δr(e),s(p)ep,
e∗.p =
{
p′ if p = ep′
0 else
Remark 1.5. From the construction of V[x],K it is easy to see that for all µ, ν ∈ F (E), p ∈ [x] we have
(µν∗).p =
{
µp′ if p = νp′,
0 else
(3)
In [3] the twisted Chen modules are also defined. Let a = (ae)e∈E1 ∈ (K
∗)E
1
. We consider the
automorphism σa of LK(E) given by σa(v) = v, σa(e) = aee, σa(e
∗) = a−1e e
∗ for all v ∈ E0, e ∈ E1. We
have the a-twisted Chen module V
a
[x],K as follows: V
a
[x],K = ⊕p∈[x]Kp as vector spaces and the action of
LK(E) is given by: LK(E)× V
a
[x],K → V
a
[x],K, (z, p) 7→ σa(z).p, where z ∈ LK(E), p ∈ [x]
Remark 1.6. V
(1)
e∈E1
[x],K = V[x],K
Definition 1.9. For each finite nontrivial path q = e1...en, we denote by aq the product ae1 ...aen . The
element a is called q-stable if aq = 1.
2. Simple modules over Leavitt path algebras
The groupoid of E is
GE = {(x, k, y)|∃µ, ν ∈ F (E), x
′ ∈ X : x = µx′, y = νx′, |µ| − |ν| = k}.
The multiplication is defined by
(x, k, y)(y, l, z) = (x, k + l, z).
The inversion is
(x, k, y)−1 = (y,−k, x).
The unit space of GE is G
(0)
E = {(x, 0, x)|x ∈ X}, which can be identified with X.
For each pair (µ, ν) ∈ F (E)2.r(µ) = r(ν) we define Z(µ,ν) := {(µx, |µ| − |ν|, νx)|x ∈ X}.
These sets are compact bisections of GE and form a topological basis for GE
The corresponding groupoid algebra is
AK(GE) = spanK{1Z(µ,ν)|µ, ν ∈ F (E), r(µ) = r(ν}
The Leavitt path algebra LK(E) is isomorphic to AK(GE) via the map
pi : LK(E)→ AK(GE) given by pi(v) = Z(v,v) ∀v ∈ E
0, pi(e) = Z(e,r(e), pi(e
∗) = Z(r(e),e) ∀e ∈ E
1.
Each LK(E)-moduleM becomes an AK(GE)-module by setting 1Z(µ,ν)m = (µν
∗)m, ∀µ, ν ∈ F (E),∀m ∈
M.
From Theorem 1.2 we know that every spectral simple module over LK(E) ≃ AK(GE) has the form
Indx(V ), where x ∈ G
(0)
E and V is a simple KGx-module. In the case of LK(E) the isotropy groups are
clear
Lemma 2.1. (1) If x ∈ X \ E∞rat., then Gx is trivial.
(2) If x ∼ c∞, where c is a simple closed path of length n, then Gx ≃ nZ.
Proof. Gx = r
−1(x) ∩ s−1(x) = {(x, k, x) ∈ GE}. If Gx is nontrivial, then ∃k 6= 0 such that (x, k, x) ∈
GE =⇒ ∃µ, ν ∈ F (E), p ∈ X for which x = µp = νp, |µ| − |ν| = k. By taking the inverse element we
may suppose µ = νq for some q ∈ F (E). Then we have p = qp = qq... = q∞ = c∞ for some simple closed
path c. Let |c| = n. We have |µ| − |ν| = |q| = l|c| = ln =⇒ Gx ≃ nZ. 
Remark 2.1. Lx = r
−1(x) = {(y, l, x)|∃µ, ν ∈ F (E), p ∈ X : y = µp, x = νp, |µ| − |ν| = l}
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Now we are ready to describe all spectral simple modules over Leavitt path algebras by using Theorem
1.2.
2.1. The case of irrational paths and finite paths ending at sinks.
Lemma 2.2. Let x ∈ X \ E∞rat. and y ∈ [x]. Let a ∈ (K∗)
E1 . If µ1, µ2, ν1, ν2 ∈ F (E), p1, p2 ∈ X \ E
∞
rat.
and y = µ1p1 = µ2p2, x = ν1p1 = ν2p2, then aµ1a
−1
ν1
= aµ2a
−1
ν2
and |µ1| − |ν1| = |µ2| − |ν2|.
Proof. We may suppose µ1 = µ2q, q ∈ F (E). Then we have
µ2qp1 = µ2qp2 ⇒ p2 = qp1 ⇒ ν1p1 = ν2qp1. (4)
From (4) we see that there are 2 possibilities:
(1) ν1 = ν2q =⇒ aµ1a
−1
ν1
= aµ2qa
−1
ν2q
= aµ2aqa
−1
ν2
a−1q = aµ2a
−1
ν2
. On the other hand, |µ1| − |µ2| =
|ν1| − |ν2| = |q|.
(2) p1 = qp1 = qq... = q
∞, where q is a closed path. But p1 is not rational, so this case is impossible.

If x ∈ X \ E∞rat., by Lemma 2.1 Gx is trivial: Gx = {(x, 0, x)} =⇒ KGx ≃ K. The unique simple
K-module is K, on which K acts by left multiplication. .
Proposition 4. If x ∈ X \E∞rat., then for all a ∈ (K
∗)E
1
we have Indx(K) ≃ V
a
[x],K as AK(GE)-modules.
Proof. Indx(K) = KLx ⊗K K ≃ KLx as AK(GE)-modules via the map (y, l, x)⊗ k 7→ k(y, l, x).
Consider the K-linear map ϕ : KLx → V
a
[x],K given by ϕ((x, 0, x)) = x, ϕ((y, l, x)) = aµa
−1
ν y, where
µ, ν ∈ F (E) s.t. x = νp, y = µp, |µ| − |ν| = l.
The K-linear map ψ : V
a
[x],K → KLx is given by ψ(y) = a
−1
µ aν(y, l, x), where µ, ν ∈ F (E) s.t.y =
µp, x = νp, |µ| − |ν| = l. By Lemma 2.2 ϕ and ψ are well-defined.
We have
ϕ ◦ ψ(y) = ϕ(a−1µ aν(y, l, x)) = a
−1
µ aνaµa
−1
ν y = y. (5)
ψ(ϕ((y, l, x))) = ψ(aµa
−1
ν y) = aµa
−1
ν a
−1
µ aν(y, l, x) = (y, l, x). (6)
From (5) and (6) one deduces that ϕ is bijective.
Claim: For every pair (µ, ν) ∈ (F (E))2, r(µ) = r(ν) we have ϕ(1Z(µ,ν)(x, 0, x)) = 1Z(µ,ν)ϕ((x, 0, x))
Proof of the claim: By Proposition 1 we have
ϕ(1Z(µ,ν)(x, 0, x)) =
{
ϕ((µp, |µ| − |ν|, x)) = aµa
−1
ν µp if x = νp
0 else.
(7)
On the other hand,
1Z(µ,ν)ϕ((x, 0, x)) = 1Z(µ,ν)x = σa(µν
∗).x = aµa
−1
ν µν
∗.x =
{
aµa
−1
ν µp if x = νp
0 else.
(8)
From (7) and (8) the claim is proved.
Let α, β ∈ F (E). We have
ϕ(1Z(α,β)(y, l, x)) = ϕ(1Z(α,β)1Z(µ,ν)((x, 0, x))) = ϕ(1Z(α,β)Z(µ,ν)(x, 0, x)) =
= 1Z(α,β)Z(µ,ν)ϕ((x, 0, x)) = 1Z(α,β)1Z(µ,ν)ϕ((x, 0, x)) = 1Z(α,β)(y, l, x), (9)
since Z(α,β)Z(µ,ν) is also a compact bisection of GE . From (9) one deduces that ϕ is an AK(GE)-
homomorphism. Hence it is an AK(GE)-isomorphism. 
From Proposition 4 and Proposition 1.2 we obtain results as in [3]:
Corollary 2.1. (1) For q, q′ ∈ X \E∞rat. V[q],K ≃ V[q′],K if and only if [q] = [q
′].
(2) If x ∈ X \ E∞rat., then V
a
[x],K ≃ V
b
[x],K, for all a, b ∈ (K
∗)E
1
.
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2.2. The case of rational paths. Let x be a rational path. Following Remark 1.2 we may suppose
x = c∞, where c = e1...en is a simple closed path. For each i ∈ {1, 2, ..., n} we define ci = ei+1...ene1...ei
(the i-th rotation of c).
By Lemma 2.1 G∞ = {(c
∞, ln, c∞)|l ∈ Z} ≃ nZ ≃ Z, hence KGc∞ ≃ KZ ≃ K[t, t
−1]. Each simple
K[t, t−1]-module is isomorphic to K[t, t−1]/I, where I is some maximal ideal of K[t, t−1]. Since K[t, t−1] is
a principal ideal domain, we have I = (f(t))(the ideal of K[t, t−1] generated by an irreducible polynomial
f(t) ∈ K[t], f 6= t). Therefore the spectral simple module in this case is
Indc∞(K[t, t
−1]/(f(t))) = KLc∞ ⊗K[t,t−1] (K[t, t
−1]/(f(t))).
At first we give a general result and then use it to study Indc∞(K[t, t
−1]/(f(t))).
Lemma 2.3. Let K ′ ⊇ K be any field extension. Let a ∈ K
′∗. We denote by K ′(a) the following
KGc∞-module: K
′(a) = K ′ as vector spaces and the action is (x, ln, x)k′ = alk′, ∀k′ ∈ K ′, l ∈ Z.
Let a ∈ (K ′∗)E1 , ac = ae1 ...aen = a, V
a
[c∞],K ′ be the a-twisted Chen module over LK ′(E). We denote
by V
a
[c∞],K ′|K the restriction of V
a
[c∞],K ′ from LK ′(E) to LK(E). Then we have
Indc∞(K
′(a)) = KLc∞ ⊗K[t,t−1] K
′(a) ≃ V
a
[c∞],K ′|K as AK(GE)-modules.
Proof. Consider the K-bilinear map φ : KLc∞ × K
′(a) → V
a
[c∞],K ′|K
defined by φ((y,m, c∞), k′) =
aµa
−1
ν k
′y, where µ, ν ∈ F (E) such that y = µp, c∞ = νp, |µ| − |ν| = m.
We show that
(1) φ is well-defined. In fact, let µ1, µ2, ν1, ν2 ∈ F (E), p1, p2 ∈ E
∞
rat. such that y = µ1p1 = µ2p2, c
∞ =
ν1p1 = ν2p2, |µ1| − |ν1| = |µ2| − |ν2| = m.
Suppose µ1 = µ2q =⇒ p2 = qp1 =⇒ ν1p1 = ν2qp1.
Moreover, |µ1| − |ν1| = |µ2| − |ν2| =⇒ |ν1| − |ν2| = |q| =⇒ ν1 = ν2q.
Therefore, aµ1a
−1
ν1
= aµ2qa
−1
ν2q
= aµ2aqaν2a
−1
q = aµ2a
−1
ν2
.
(2) φ is a KGc∞-balanced product.
In fact, Let y = µp, c∞ = νp, |µ|−|ν| = m, it is easy to see that p = c∞i , for some i ∈ {1, 2, ..., n}.
If l ≥ 0, we have
φ((y,m, c∞)(c∞, ln, c∞), k′) = φ((y,m+ln, c∞), k′) = φ((µclic
∞
i ,m+ln, νc
∞
i ), k
′) = aµcl
i
a−1ν k
′y = aµa
la−1ν k
′y.
(10)
since aci = aei+1 ...aenae1 ...aei = ac = a. On the other hand,
φ((y,m, c∞), (c∞, ln, c∞)k′) = φ((y,m, c∞), alk′) = aµa
−1
ν a
lk′y. (11)
From (10) and (11) we see that φ is a KGc∞-balanced product.
By the universal property of the tensor product, there exists the unique K-linear map ϕ : KLc∞ ⊗KGc∞
K ′(a) → V
a
[c∞],K ′|K
such that
ϕ((y,m, c∞)⊗ k′) = φ((y,m, c∞), k′) = aµa
−1
ν k
′y, where y = µc∞i , c
∞ = νc∞i , |µ| − |ν| = m.
Consider the K-linear map ψ : V
a
[c∞],K ′|K → KLc∞ ⊗KGc∞ K
′(a) defined by
ψ(y) = (y, |µ| − |ν|, c∞)⊗ a−1µ aν .
We show that ψ is well-defined. In fact, if y = µ1c
∞
i1
= µ2c
∞
i2
, c∞ = ν1c
∞
i1
= ν2c
∞
i2
, |µ1| ≥ |µ2|. Suppose
µ1 = µ2q. We have c
∞
i2
= qc∞i1 =⇒ q = ei2+1...eine1...ei1c
l′
i1
. Let ν1 = c
l1e1...ei1 , ν2 = c
l2e1...ei2 .
We have |µ1| − |µ2|+ |ν2| − |ν1| = n− i2 + i1 + l
′n+ (l2 − l1)n+ i2 − i1 = (l
′ + 1 + l2 − l1)n.
Therefore
(y, |µ1| − |ν1|, c
∞)⊗ a−1µ1 aν1 =
= (y, |µ2| − |ν2|, c
∞)(c∞, |µ1| − |ν1| − |µ2|+ |ν2|, c
∞)⊗ a−1µ2 a
−1
ei2+1
...a−1eina
−1
e1
...a−1ei1
a−l
′
al1ae1 ...aei1 =
= (y, |µ2| − |ν2|, c
∞)⊗ al
′+1+l2−l1a−1µ2 a
−1
ei2+1
...a−1en a
l1−l′ = (y, |µ2| − |ν2|, c
∞)⊗ a−1µ2 a
−1
ei2+1
...a−1en a
l2+1 =
= (y, |µ2| − |ν2|, c
∞)⊗ a−1µ2 a
l2a−1ei2+1
...a−1en ae1ae2 ...aen = (y, |µ2| − |ν2|, c
∞)⊗ a−1µ2 a
l2ae1 ...aei2 =
= (y, |µ2| − |ν2|, c
∞)⊗ a−1µ2 aν2 . (12)
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We have
ϕ ◦ ψ(y) = ϕ((y, |µ| − |ν|, c∞ ⊗ a−1µ aν) = aµa
−1
ν a
−1
µ aνy = y. (13)
ψ ◦ ϕ((y,m, c∞)⊗ k′) = ψ(aµa
−1
ν k
′y) = (y,m, c∞)⊗ a−1µ aνaµa
−1
ν k
′ = (y,m, c∞)⊗ k′. (14)
From (13) and (14) one deduces that ϕ is bijective.
Claim:For all µ, ν ∈ F (E), k′ ∈ K ′ we have
ϕ(1Z(µ,ν)((c
∞, 0, c∞)⊗ k′)) = 1Z(µ,ν)ϕ((c
∞, 0, c∞)⊗ k′) (15)
Proof of the claim: The left hand side is ϕ((µc∞i , |µ| − |ν|, c
∞)⊗ k′) = aµa
−1
ν k
′µc∞i .
The right hand side is 1Z(µ,ν)k
′c∞ = σa(µν
∗).(k′c∞) = aµa
−1
ν k
′µc∞i .
Hence by using (14) similarly as in the last part of the proof of Proposition 4 one deduces that ϕ is an
AK(GE)-isomorphism. 
When K ′ = K, from Lemma 2.3 we have immediately
Corollary 2.2. Indc∞(K
(a)) ≃ V
a
[c∞],K
From Lemma 2.1 and Proposition 3 one can obtain the following results as in [3].
Corollary 2.3. V
a
[c∞],K ≃ V
b
[c∞],K if and only if ac = bc (i.e. ab
−1 is c-stable.)
WhenK ′ = K[t, t−1]/(f(t)), a = t¯, f is an irreducible polynomial inK[t], f 6= t, sinceK ′ = K[t, t−1]/(f(t))
is a simple K[t, t−1]-module, from Lemma 2.3 and Theorem 1.1 we have immediately the following result
as in [1]
Corollary 2.4. V f[c∞],K ≃ Indc∞(K[t, t
−1]/(f(t))) as simple AK(GE)-modules, where V
f
[c∞],K = V
t¯
[c∞],K ′|K .
Remark 2.2. For a ∈ K∗, a ∈ (K∗)E1 such that ac = a we have V
t−a
[c∞,K] ≃ V
a
[c∞],K as AK(GE)-modules.
In particular, V x−1[c∞,K] ≃ V[c∞],K by Remark 1.6.
Proof. Consider θ : K[t, t−1]→ K(a) defined by θ(g) = g(a). Then θ is surjective. In fact, if b ∈ K, then
∃g = t− b+ a such that g(a) = b.
Moreover, θ((c∞, ln, c∞)g) = θ(tlg) = alg(a) = (c∞, ln, c∞)g(a)(c∞, ln, c∞)θ(g) by Definition of K(a).
Hence θ is a surjective KGc∞-homomorphism. Therefore by theorem of module homomorphisms:
K[t, t−1]/Ker(θ) ≃ K(a) as KGc∞-modules.
Ker(θ) = {g ∈ K[t, t−1]|g(a) = 0} = (t− a) =⇒ K[t, t−1]/(t− a) ≃ K(a) as KGc∞-modules.
Hence KLc∞ ⊗KGc∞ (K[t, t
−1]/(t − a)) ≃ KLc∞ ⊗KGc∞ K
(a). Therefore by Corollories 2.2 and 2.4
V t−a[c∞,K] ≃ V
a
[c∞],K as AK(GE)-modules.
In particular, V t−1[c∞,K] ≃ V[c∞],K by Remark 1.6. 
Remark 2.3. [x] = {y ∈ X|y ∼ x} =⇒ α = (y,m, x) ∈ GE for some m. By Definition of GE:
r(α) = x, s(α) = y =⇒ y is in the orbir of x.
Following Theorem 1.2,Lemma 1.2, Proposition 4 and Corollaries 2.1,2.2,2.3, Remark 2.2 we now can
classify all spectral simple modules over Leavitt path algebras
Theorem 2.1. Let E be a row-finite digraph, K be a field. Let D ⊆ X be a subset containing exactly one
element from each orbit. Then the set
{V[x],K |x is an infinite path , x ∈ D} ∪ {V[w],K|w is a sink}∪
∪ {V f[c∞],K|f is an irreducible polynomial in K[t]|f 6= t− 1, f 6= t, c is a simple closed path in E} (16)
forms the full list of all pairwise nonisomorphic simple modules over LK(E).
In particular, all finite dimensional simple module over LK(E) are the modules in the list (16) with x’s
which have finite orbits.
USING STEINBERG ALGEBRAS TO CLASSIFY SIMPLE MODULES OVER LEAVITT PATH ALGEBRAS 7
References
[1] P. Ara and K.M. Rangaswamy. Finitely presented simple modules over leavitt path algebras. arXiv:1311.4332.
[2] B.Steinberg. An groupoid approach to discrete inverse semigroup algebras. arXiv:0903.3456.
[3] X.W.Chen. Irreducible representations of leavitt path algebras. Forum Math., 27:549–574, 2015.
